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Abstract. Wind Energy technology represents the most technically advanced and diffused renewable resource. The 
willingness to foster its economical profitability has brought to new uses of the technology, especially in 
unconventional locations. In particular, the Urban environment is promising in reducing the costs associated e.g. to 
the large infrastructure wind farms require. However, several technical and non-technical issues remain unsolved, 
spacing from the understanding of the actual wind resource available to the actual response of wind turbines. This 
contributes to foment the lack of confidence in wind energy and its societal acceptance. The lack of knowledge is an 
issue that adds sharply to NIMBYism rhetoric mechanisms. In this work, various possibilities and limits of Urban 
Wind Energy are introduced, with a focus on the urban wind resource. A suitable high-rise building configuration is 
taken as a reference and simulated using CFD, to discuss the possible strategies in optimising the positioning of 
wind turbines, which strongly depend on their relationship with the built environment. The challenges related to 
such a methodology are also introduced, with special reference to the necessity of accurately modelling the 
signature turbulence for the reliable aerodynamic design of the new generation of small and medium size wind 
turbines. 
 
1 INTRODUCTION 
By 2050, 66 per cent of world’s inhabitants is estimated to be residing in urban areas [1]. The population is also 
estimated to increase steadily to 7.4 billion people. As an effect, the expected scenario is the continuous growth of 
urban areas. The concept of sustainable development gleams as the main world institutions face the risks this growth 
means to humanity [2]. However, the concept of sustainability immediately links to the concept of energy. Endless 
research has been dedicated to the understanding of the best Energy Mix to tackle the demanding request of energy 
and the problems renewable source inevitably experience, especially regarding their stochastic variability [3], 
however an unambiguous solution is still awaited and renewable have some difficulty in affirming their role in the 
Energy Mix, especially regarding their social acceptance. This is particularly true for wind energy. If on one hand 
wind energy is recognised to be a robust and one of the most promising way of providing sufficient energy to meet 
society’s needs with minimum waste, yet more research is needed to increase their efficiency, reliability, 
affordability, and safety to the standards of traditional technologies [4].  
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2 BRIEF REVIEW OF URBAN WIND ENERGY DEFICIENCIES 
2.1 Is Urban Wind Energy worth investigating? 
Urban Wind Energy is a recently developed niche of wind energy, dealing with the harvesting of wind energy 
within urban premises. The necessity of creating such a research niche has emerged for a variety of reasons. 
i) The small wind energy market involves a large number of businesses and numerous workplaces [10]; ii) The 
fiasco of a large percentage of urban applications has been noticed [11]; iii) The necessity of improving the energy 
performance of single buildings shows that microgeneration could represent a factual advance; iv) The intrinsic 
difference of the wind resource in the urban environment, if compared with the usual flat terrain conditions, poses 
different premises to the design and assessment process [12]; (v) Harvestable wind energy is indeed present in the 
urban environment and enhanced by the presence of buildings, which can represent a not-irrelevant share out of the 
global wind energy capacity [11].  
To understand this last point, if a typical Jordanian household is taken as reference, then it would require 5’089 
kWh/y of electricity [13]. As the average sized small wind turbine has been estimated being 0.85 kW [10], then 
supposedly installing such wind turbines in the optimal position would still yield roughly 30% of the rated power on 
a yearly base, considering factors such as the variability of the wind. A yearly electricity production of 0.85 kW ൈ 
0.3 ൈ 365 ൈ 24 h ൌ 2’233.8 kWh/y would be then achieved. This simple and very rough emphasises that 
theoretically a Jordanian household could save almost half of the electricity expenses by installing a small wind 
turbine, in supposedly optimal conditions. However, reality is much more complicated, as the attention to the correct 
positioning of wind turbines around a building has only recently gained attention following resounding failures of 
applications. As many detractors criticise the efficiency of urban wind and strong difficulties are experienced by 
municipalities and pundits to convince the general public of the possible benefits of implementing wind energy. The 
reason for that is strongly related to our lack of understanding of the actual power produced by WECs, which means 
in turn, the lack of a convincing optimisation strategy for the positioning of the devices for gaining a reliable 
production of energy. 
2.2 How to arrange Wind Turbines within the Built Environment? 
Besides non-technical issues and social acceptance [Ref.], the positioning of WECs within the urban 
environment is undoubtedly the core issue with Urban Wind Energy. This immediately translates to a new type of 
WT, meaning the Building Augmented Wind Turbine (BAWT, also Integrated or Environment: BIWT, BWET, or 
BWT). The building must be interpreted not only as a support for WTs, but also as a way of enhancing wind energy 
harvesting, by locally diverting and concentrating the wind flow. This can be put into practice in many ways (Fig.2). 
The mutual positioning of BAWTs within the built environment encompasses a number of typical situations:  
i) WTs mounted on top of buildings (Fig. 2b-i), which represent the large majority of the applications;  
ii) WTs mounted on the façade of buildings (Fig. 2b-ii);  
iii) WTs which are integrated within the building itself using its shape as a local catalyser for the inflow wind 
(Fig. 2b-iii) [14], [15]; 
iv) WTs mounted in the vicinity of buildings (Fig. 2b-iv), which might include bigger WTs [16] and can be 
transposed to the case of complex terrain onshore wind energy [17]. 
Being wind energy a resource harvested on large areas of land, the concept of Distributed generation rises [18]. 
UWE and BAWT can be accounted as a first attempt of Distributed Wind Turbines (DWT). Energy generation with 
DWTs could represent the final scope of current urban wind energy applications: to multiply the number of devices, 
with an efficient positioning, in order to provide a reliable share of energy at the consumption site [19]. 
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It has been shown that the shape of the roof itself has a major impact on these parameters. Toja-Silva et al. [25] 
in particular developed further the studies of Abohela [24] towards the assessment of the best shape for wind energy 
purposes. They have found that having a curved roof enhanced the possibilities for wind energy harvesting. 
However, the criteria chosen for defining the optimal location are not universally agreed, therefore more research on 
the performance of wind turbines in a turbulent environment is needed.  
Khauyllirina et al. [33] studied the effect of two adjacent high-rise buildings with the aim of exploiting the street 
canyon effect. These works confirm the importance of the understanding of the wind pattern, the possibility of 
enhancing the wind energy resource and the choice of the proper wind turbine for use. 
The large majority of UWE applications involve existing buildings. These are characterised by the presence of a 
flat roof. This is particularly true for high-rise buildings. Computational Fluid Dynamics is a popular tool in the 
assessment of the flow pattern around buildings [34]. Many works have investigated the flow pattern on rooftop of 
high-rise buildings. It appears that the research is actually converging towards the necessity of proposing accurate 
flow data for the specific configuration of interest, stated the extreme variability of conditions a single building 
shape can have. 
2.3 Research gap and aim of this work 
It is difficult to state the precise limits of the needed knowledge. The built environment offers an opportunity to 
the global renewable energy market and could give a contribution to the energy mix towards the abatement of costs. 
However, this brief review has immediately prompted the issues to be addressed to make any statement on the topic: 
i) the aerodynamic response of WECs under turbulent inflows; 
ii) the flow pattern around buildings and the detection of relevant parameters;  
iii) the possible ways of enhancing wind energy harvesting using buildings; 
iv) the social acceptance and the mediation with non-technical issues. 
This work is an attempt of enhancing the discussion about the importance of the correct assessment of the 
turbulence pattern around buildings, more than the estimation of the mean velocities, for the rightful success of 
UWE applications. To fulfil this aim, following objectives are envisaged: 
i) To investigate the flow around a model high-rise building using a steady-state CFD RANS simulation; 
ii) To validate the model using available experimental data [35]; 
iii) To give a preliminary comparison with higher quality CFD LES data, focusing on turbulence quantities. 
3 EXPERIMENTAL SETUP AND METHODOLOGY 
3.1 The experimental setup 
In this work, the geometry of the computational domain is taken from the experiment by Hemida et al. [36], 
carried out in a series of wind tunnel experiments at the Atmospheric Boundary Layer (ABL) Wind Tunnel Lab of 
the Ruhr-University of Bochum (RUB), within the scope of the COST-Action TU1304 WINERCOST. The RUB 
wind tunnel has a cross section of 1.6m × 1.8m and a length of 9.4m, in an open tunnel configuration with fan 
behind the test section (Fig.3a). The ABL is simulated equipping the wind tunnel inlet with a castellated barrier, 
turbulence generator fins, and roughness cubes (from 3.6cm to 1.6cm) working as roughness elements (Fig.3b). The 
high-rise building model has a 1:300 scale, with a height-to-width ratio of H D⁄ =3, where H=400mm and 
D=133.3mm (Fig.3b). Fig.3d shows the model mounted on the rotating test table of the wind tunnel.  
Results include the velocity pattern above the rooftop, measured using a hot wire anemometer at different 
locations of the roof (1, 2, 3, 4 in Fig.3c) and surface pressure on the rooftop. However, this technique does not 
account for reversed flow, so results have been interpreted accordingly to detect separation. A specific focus has 
been given to turbulence intensity; it has been measured re. the velocity components in the y and z directions, u and 
w, for z/D>0.1. Time histories of each signal have been obtained using a length window of 131s, and all results are 
referred to the width of the model D=133.3mm and the reference velocity uref=uሺzൌHሻ=15.85m/s (Fig.4a). 
  
Figure
photo of
The m
reversed, 
matching 
height of 
about z/D
the upstre
maximum
maximum
of the bu
separation
The in
for Pos. 
validation
4 NUM
The g
Averaged
the flow 
turbulent 
proposed,
approach 
fluctuatin
 
 
 
 
a) 
b) 
 3. a) Wind Tu
 the wind tun
easurements 
because of a s
the one prese
about one thi
~0.3, at the c
am flow, wh
 velocity occ
 velocity area
ilding, also f
 cone vortice
let profile of
1 and 2, whi
 of the numer
ERICAL M
eometry as in
 Navier-Stoke
pattern and c
quantities at 
 in order to d
has shown g
g statistics [37
nnel of the R
nel with the m
of the velocity
eparation bub
nt in the ups
rd of its width
entre of the ro
ich is in agr
urs at a lowe
, the flow is 
or different 
s, which have
 mean velocit
le Fig.4c and
ical model de
ODEL AND 
 Fig.3b is si
s) simulation
heck if the m
stake. A prel
iscuss the imp
ood viability 
].  
uhr-Universit
odel mounted
 around the m
ble. Above z/
tream flow. T
. Fig. 4c sho
of (Pos.2). Th
eement with 
r height, mea
highly turbule
directions of 
 a smaller size
y and turbule
 Fig.4d show
veloped in thi
METHODO
mplified and 
 has been dev
esh requirem
iminary comp
ortance of m
for the estim
y Bochum; b)
 on a turning 
odels have s
D~0.3, turbul
his suggests t
ws that wind 
is is just abo
previous exp
ning that the
nt. The turbu
the wind. It 
 and height th
nce intensity 
 those for P
s work. 
LOGY 
tested in the 
eloped using
ents are met. 
arison with t
odelling the f
ation of the 
 Schematic of
table [17]; d) 
howed (as exp
ence intensity
hat the buildi
velocity has t
ve the shear l
eriments [20]
 it is maximi
lence intensit
has also bee
an the norma
are shown in 
os.3 and 4, r
numerical mo
the k-߱ SST t
The objectiv
he LES (Lar
luctuating sta
averaged field
 the ABL dev
Schematic of 
ected) that ne
 declines to ab
ng affects tur
he maximum 
ayer between 
. At the upst
sed downstrea
y has its mini
n found that 
l direction. 
Fig.4a. Fig.4b
espectively. T
del. A stead
urbulence mo
e is to have a
ge Eddy Simu
tistics. In fact
s, it is hinde
d) 
ices with the m
measurement
ar the surface
out 0.1 for bo
bulence inten
increase of ab
the separation
ream edge (P
m to Pos.1. 
mum value at
different dire
 shows the m
hese values 
y state RANS
del, to get a b
 rough estim
lation) appro
, even though
red by the m
c) 
odel; c) 
 positions. 
 the flow is 
th u and w, 
sity up to a 
out 25% at 
 region and 
os. 4’), the 
Beneath the 
 the middle 
ction yield 
easurement 
are used as 
 (Reynolds 
rief idea of 
ation of the 
ach is then 
 the RANS 
odelling of 
  
A blo
the along
choice of
Sub-Grid 
the wall t
effects ar
 
 
 
Figure 4 a
 
          
1 A da
the model 
model use
viscosity r
ck structured 
-flow size of 
 a time step o
Scale model 
o be modelle
e more import
) Wind-tunne
                     
mping function
constant Csgs o
s a fixed cons
eads νsgs=൫Csg
mesh has bee
the elements
f ∆t=5e-5 for
(SGS), with t
d, as a fixed 
ant, as known
l velocity pro
2, 
 
                     
, such as the o
r Cs in those re
tant to take in
s∆൯2หS෨ห=൫Csg
n constructed
 to respect th
 the LES mo
he use of the 
constant woul
. 
file ahead of t
c) Poss. 3’, 3 
     
ne formulated 
gions of the flo
to account the
s∆൯2ට2Sij෩ Sij෩  w
, having y+~1
e CFL condi
del presented
van Driest da
d impose unp
    
he model; b) 
and 3’’, d) Po
by Van Driest
w where viscos
 SGS effects, 
here the Smag
 and choosing
tion which im
. The Smagor
mping functi
hysical turbu
   
Velocity vect
ss. 4’ and 4’’
lsgs=Csgs∆ ቀ1-e
ity effects beco
potentially yie
orinsky model c
 the blocking
poses Co<1.
insky-Lilly m
on1. This allo
lence near the
ors, Iu and Iw 
[36]. 
-y+ A+⁄ ቁ, where 
me prepondera
lding an unphy
onstant has be
 strategy in or
 This has bro
odel has bee
ws a correct b
 wall, where 
as measured a
A+=26, lowers
nt. In fact, the 
sical behaviou
en set to Cs=0.1
der to limit 
ught to the 
n chosen as 
ehaviour at 
the viscous 
t pos. 1 and 
 the value of 
Smagorinsky 
r. The eddy 
7. 
  
 
4 PRE
The p
Fi
LIMINARY 
reliminary res
gure 5 a), b) V
visualisation
RESULTS A
ults (shown in
ortex core vi
 (swirling stre
Figure 6 Iso-
ND DISCUS
 Fig. 5, 6 and
sualisation (Q
ngth 1/s) and 
contours of th
SION 
 7) show that 
 invariant 1/s2
d) structured 
 
e mean veloc
the flow patte
), with flow p
block grid of t
ity field for th
rn is as expec
attern identifi
he high-rise b
e LES simula
ted as previou
cation; c) vor
uilding mode
tion. 
s models. 
tex core 
l. 
 
  
Figure 7
Figure 8
for
Result
is due to 
domain to
noticed th
bubble. 
Howe
in the acc
Fig. 8c, a
scales in 
turbulenc
accelerate
 
0.40
0.41
0.42
0.43
0.44
0.45
0.46
0.47
0.48
0.49
0.50
‐10 0
0.40
0.41
0.42
0.43
0.44
0.45
0.46
0.47
0.48
0.49
0.50
0
 Mean Veloci
 Turbulence in
 LES) and tur
s show that L
the insufficien
 be modelled
ough, that th
ver, the turbu
elerated flow
s evaluated us
the atmosphe
e on the aerod
d zone is look
10
0.5
ty respectivel
for LES); c)
tensity (respe
bulent length 
ES simulation
t averaging t
. Fig 6 show
e flow pattern
lence intensity
 region. The e
ing the kineti
ric boundary 
ynamics of a
ed at. 
20 30
1
y at position 
 streamlines o
ctively at pos
scale for Posi
 provides litt
ime which ha
s that the flo
 experiences 
 shows that t
ffect of turbu
c energy of tu
layer, and suc
 hypothetical
0
0
0
0
0
0
0
0
0
0
0
‐20 ‐10
0.40
0.41
0.42
0.43
0.44
0.45
0.46
0.47
0.48
0.49
0.50
0.0
1 a) and 2 b), w
f averaged ve
ition 1 and 2,
tion 1 (dash) a
le improveme
s been so far 
w field still i
a steep accel
he simulation
lence is impo
rbulence). Su
h a pattern is
 device placed
.40
.41
.42
.43
.44
.45
.46
.47
.48
.49
.50
0 10
0.5
ith experime
locity field fo
 with experim
nd 2 (line), re
nt with respec
simulated: im
s affected by 
eration of the
 needs improv
rtant because 
ch values are 
 almost unexp
 in the imme
20 30
1.
ntal results (l
r LES model
ental results, l
lative to RAN
t to the stead
proved data w
the instantan
 flow in the a
ement and th
of the turbule
much smaller
lored regardi
diate vicinity
0
0.40
0.41
0.42
0.43
0.44
0.45
0.46
0.47
0.48
0.49
0.50
0.00
ine for k-ome
. 
ine for k-ome
S k omega, in
y RANS simu
ill provide a 
eous flow. It 
rea above the
at high turbul
nt length scal
 than the exp
ng the expect
 of a building
0.10
ga, dashed 
ga, dashed 
 cm. 
lation. This 
longer time 
can also be 
 separation 
ence occurs 
e (shown in 
ected length 
ed effect of 
, even if an 
0.20
 
 0.30
  
 
5 CONCLUSIONS AND NEXT STEPS 
This preliminary results show the need of a high-fidelity approach for the modelling of the turbulence pattern 
around building for wind energy harvesting. 
The flow pattern around a building has been modelled and validated using both the RANS and the LES 
approach, showing little difference in the results. In fact, the quality of an LES simulation strongly depends on the 
actual averaging time used, which is confirmed by the whole totality of the literature. 
A brief critical literature review has been made, showing the necessity of more studies about the physical 
phenomena involving the interaction of turbulence with bluff bodies, especially for practical applications involving 
the urban environment. 
Future work will provide more averaging time to the LES simulation to validate the fluctuating pattern, in the 
scope of understanding the actual turbulence pattern at the inflow of a supposedly nearly place wind energy 
converter. 
 
ACKNOWLEDGEMENTS 
The authors acknowledge with thanks the support of the European Commission’s Framework Program “Horizon 
2020”, through the Marie Skłodowska-Curie Innovative Training Networks (ITN) “AEOLUS4FUTURE - Efficient 
harvesting of the wind energy” (H2020-MSCA-ITN-2014: Grant agreement no. 643167), to the present research 
project. The authors also acknowledge with thanks the WINERCOST TU1304 COST Action for having provided 
them with a plethora of collaboration activities related to small wind technology. 
REFERENCES 
[1] M. Tanner and T. Harpham, “Urban health in developing countries: progress and prospects,” 2014. 
[2] E. Holden, K. Linnerud, and D. Banister, “Sustainable development: Our Common Future revisited,” Glob. 
Environ. Chang., vol. 26, pp. 130–139, 2014. 
[3] I. Dincer, “Renewable energy and sustainable development: a crucial review,” Renew. Sustain. Energy Rev., 
2000. 
[4] S. Tegen, M. Hand, B. Maples, and E. Lantz, “Cost of wind energy review,” Golden, Color. Natl.  …, 2010. 
[5] T. Howes, “The EU’s New Renewable Energy Directive (2009/28/EC),” new Clim. policies Eur. Union, 
2010. 
[6] J. Højstrup, “Wind Atlas for Jordan,” 1989. 
[7] M. Ababsa, “Bibliography,” in Atlas of Jordan, Presses de l’Ifpo, 2013, pp. 451–462. 
[8] M. Grauthoff, “Utilization of wind energy in urban areas — Chance or utopian dream?,” Energy Build., vol. 
16, no. 1, pp. 517–523, 1991. 
[9] M. Wolsink, “Wind power and the NIMBY-myth: institutional capacity and the limited significance of 
public support,” Renew. Energy, vol. 21, no. 1, pp. 49–64, 2000. 
[10] S. Gsänger and J.-D. Pitteloud, “Small Wind World Report 2015,” 2015. 
[11] S. L. Walker, “Building mounted wind turbines and their suitability for the urban scale—A review of 
methods of estimating urban wind resource,” Energy Build., vol. 43, no. 8, pp. 1852–1862, 2011. 
[12] S. Emeis, “Current issues in wind energy meteorology,” Meteorol. Appl., vol. 21, no. 4, pp. 803–819, Oct. 
2014. 
[13] Enerdata, “Electricity use per household | Jordan,” World Energy Council, 2014. [Online]. Available: 
https://www.wec-indicators.enerdata.eu/household-electricity-use.html. [Accessed: 20-Jan-2017]. 
[14] A. Grant, C. Johnstone, and N. Kelly, “Urban wind energy conversion: The potential of ducted turbines,” 
Renew. Energy, vol. 33, no. 6, pp. 1157–1163, 2008. 
  
[15] S. Stankovic, N. Campbell, and A. Harries, Urban Wind Energy. Earthscan, 2009. 
[16] D. Oppenheim, C. Owen, and G. White, “Outside the square: Integrating wind into urban environments,” 
Refocus, vol. 5, no. 3, pp. 32–35, 2004. 
[17] H. Kozmar, D. Allori, G. Bartoli, and C. Borri, “Complex terrain effects on wake characteristics of a parked 
wind turbine,” Eng. Struct., vol. 110, pp. 363–374, Mar. 2016. 
[18] T. Ackermann, G. Andersson, and L. Söder, “Distributed generation: a definition,” Electr. Power Syst. Res., 
vol. 57, no. 3, pp. 195–204, 2001. 
[19] H. Lund and P. A. Østergaard, “Electric grid and heat planning scenarios with centralised and distributed 
sources of conventional, CHP and wind generation,” Energy, vol. 25, no. 4, pp. 299–312, 2000. 
[20] H. Hemida, “Large-eddy simulation of the above roof flow of a high-rise building for micro-wind turbines,” 
in 11th UK Conference on Wind Engineering, 2014. 
[21] S. Mertens, “Wind Energy in the Built Environment Concentrator Effects of Buildings Wind Energy in the 
Built Environment Concentrator Effects of Buildings,” pp. 1–180, 2006. 
[22] L. Lu and K. Y. Ip, “Investigation on the feasibility and enhancement methods of wind power utilization in 
high-rise buildings of Hong Kong,” Renew. Sustain. Energy Rev., vol. 13, no. 2, pp. 450–461, Feb. 2009. 
[23] D. Ayhan and Ş. Sağlam, “A technical review of building-mounted wind power systems and a sample 
simulation model,” Renew. Sustain. Energy Rev., vol. 16, no. 1, pp. 1040–1049, Jan. 2012. 
[24] I. Abohela, N. Hamza, and S. Dudek, “Effect of roof shape, wind direction, building height and urban 
configuration on the energy yield and positioning of roof mounted wind turbines,” Renew. Energy, vol. 50, 
pp. 1106–1118, 2013. 
[25] F. Toja-Silva, C. Peralta, O. Lopez-Garcia, J. Navarro, and I. Cruz, “On Roof Geometry for Urban Wind 
Energy Exploitation in High-Rise Buildings,” Computation, vol. 3, no. 2, pp. 299–325, Jun. 2015. 
[26] F. Balduzzi, A. Bianchini, and L. Ferrari, “Microeolic turbines in the built environment: Influence of the 
installation site on the potential energy yield,” Renew. Energy, vol. 45, pp. 163–174, 2012. 
[27] L. C. Pagnini, M. Burlando, and M. P. Repetto, “Experimental power curve of small-size wind turbines in 
turbulent urban environment,” Appl. Energy, vol. 154, pp. 112–121, Sep. 2015. 
[28] G. Vita, H. Hemida, and C. C. Baniotopoulos, “Effect of atmospheric turbulence on the aerodynamics of 
wind turbine blades: a review,” in Proceedings of the 1st WinerCost International Conference, Ankara, TR, 
2016. 
[29] J. W. M. Dekker and J. T. G. Pierik, “European Wind Turbine Standards II,” 1998. 
[30] F. Mouzakis, E. Morfiadakis, and P. Dellaportas, “Fatigue loading parameter identification of a wind turbine 
operating in complex terrain,” J. Wind Eng. Ind. Aerodyn., vol. 82, no. 1, pp. 69–88, 1999. 
[31] K. Sunderland, T. Woolmington, J. Blackledge, and M. Conlon, “Small wind turbines in turbulent (urban) 
environments: A consideration of normal and Weibull distributions for power prediction,” J. Wind Eng. Ind. 
Aerodyn., vol. 121, pp. 70–81, 2013. 
[32] J. N. Sørensen, “Aerodynamic Aspects of Wind Energy Conversion,” Annu. Rev. Fluid Mech., vol. 43, pp. 
427–448, 2011. 
[33]  a Khayrullina, T. a J. van Hooff, and B. J. E. Blocken, “A study on the wind energy potential in passages 
between parallel buildings,” p. 1–8 BT–Proceedings of the 6th European–African, 2013. 
[34] B. Blocken, “Computational Fluid Dynamics for urban physics: Importance, scales, possibilities, limitations 
and ten tips and tricks towards accurate and reliable simulations,” Build. Environ., vol. 91, pp. 219–245, 
Sep. 2015. 
[35] H. Hemida, A. Šarkic, and R. Höffer, “Interference effect of high-rise buildings for wind energy extraction; 
wind tunnel and numerical investigations,” in 14th International conference on wind engineering, 2015. 
[36] H. Hemida, A. Šarkic, S. Gillmeier, and R. Höffer, “Experimental investigation of wind flow above the roof 
of high-rise building,” in WINERCOST Workshop “Trends and Challenges for Wind Energy Harvesting,” 
2014, p. p.25-34. 
[37] B. Blocken, T. Stathopoulos, and J. P. A. J. van Beeck, “Pedestrian-level wind conditions around buildings: 
Review of wind-tunnel and CFD techniques and their accuracy for wind comfort assessment,” Build. 
Environ., vol. 100, pp. 50–81, 2016. 
  
 
